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Abstract 
The splattering of raindrops is a very important factor in the spread of plant diseases from the Septoria group. The spreading 
mechanism of this disease via spores is observable particularly during short and violent storms. The methods used currently to 
forecast Septoria infection are based mainly on the climate condition and the calendar measurements, primarily taking into 
consideration the disease cycles. These measurements, however, do not take into account the most important factor: the splattering 
of raindrops as a method of transporting spores onto higher parts of the plants. If this factor is ignored, the forecasting models are 
flawed and have little correlation with the real development of a disease epidemic. The method presented in this study uses an 
electric field to measure the range of dispersal and number of splatter particles. This is achieved by means of a measuring system 
that allows for accurate and reliable measurement of the dispersal range of splashed raindrops. These raindrops scatter the spores 
and transmit the infection to higher parts of the plants as well as to neighboring plants. 
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1. Introduction 
Raindrop splatter resulting from water drops hitting the ground or a plant constitutes one of the most significant 
mechanisms causing the spread of infection throughout plantations. 
There are numerous plant pathogens producing spores that are able to reach the surface or other parts of uninfected 
plants by being carried by droplets. Such a mechanism of disease spread has been the subject of many studies intended 
to determine the impact of the spatial range of droplet distribution on epidemic development. These studies focused 
primarily on investigating the spread of the following cereal crop diseases: Septorianodorum, Septoriatritici and 
Rhynchosporiumsecalis, whose spores are transmitted mainly by droplet splatter (Shaw, Royle, 1987), (Shaw, 1990). 
Septoria leaf spot diseases are the most widespread diseases of cereal leaves. In Poland Septorianodorum and 
Septoriatritici are two pathogens of significant importance that can cause significant crop damage (Maliński, 1992), 
(Pokacka, 1985). Septorianodorum and Septoriatritici are caused by cryptogamic parasites. Septoria leaf spot caused 
by Septorianodorum develops not only on leaves but also on seed spikes. The symptoms of the disease are also 
noticeable on the leaf sheath and node. Only plant roots remain unaffected. 
There are several common sources of infection, such as unplowed soil with straw, which can remain a source of 
spores for more than three years. Moreover, the infected remains of cereals are also a favorable habitat for the 
formation of perithecium containing ascospores. 
The development of the disease as well as the epidemic occurs mainly in spring due to pycnidospores, which 
constitute the main source of infection. These spores are formed in fruiting bodies (pycnidia) located in dead parts of 
the leaves. They emerge from the fruiting bodies in the form of a jelly-like sticky secretion full of spores. While this 
coating forms excellent protection from adverse weather conditions, it creates a heavy mass preventing the spores 
from being spread by the wind. 
Therefore, the only mechanism by which spores can be transferred to higher parts of cereal leaves and other healthy 
plants is by raindrop splatter. The scale of horizontal (onto non-infected plants) and vertical transmission (onto higher 
parts) depends on the kinetic energy of the raindrops. The kinetic energy of raindrops together with the characteristics 
of the rain, i.e. duration and dry periods between each rainfall, have a decisive impact on the speed and spread of an 
epidemic. For example, if the rain has a large kinetic energy, but is of short duration, then the spores will not have 
enough time to be separated and clumps are transported in the droplets to the upper plant parts as well as to other 
plants (Caron,1993), (Caron, 1990). Every clump represents an infective unit containing a large number of spores able 
to cause severe disease spreading out from the point of infection. Such an infection is associated with spreading of the 
whole clump across the leaf and causing infection of the entire leaf surface. The vegetative cycle starts again on the 
part of the plant with infected leaves and more pycnidospores are produced. The next rainfall with a sufficiently high 
kinetic energy will transmit the disease to higher parts of the plant and to neighboring plants. The vegetative cycles 
will then overlap until the infection reaches the spike. 
As indicated above, the strength and range of splatter are the determining factors in the development of a Septoria 
infection. The methods used currently to forecast Septoria infection are based mainly on climate condition and 
calendar measurements, primarily taking into consideration the disease cycles. These measurements, however, do not 
take into account the most important factor: the splattering of raindrops as a method of transporting spores onto higher 
parts of the plants. If this factor is ignored, the forecasting models are flawed and have little correlation with the real 
development of a disease epidemic. This, in turn, causes the unnecessary application of preventative fungicide spray, 
intended to protect crops from damage, since the risk value calculated from inaccurate forecasts is too high. While 
this method is undoubtedly effective, it results in unnecessary treatments that in consequence increase both the 
financial costs and the environmental burden of pesticides. 
In order to achieve balanced and effective protection of plants against Septoria infections it is necessary to create 
a reliable model of forecasting epidemic development. 
At present, with the help of traditional measuring methods, the creation of such a model is virtually impossible. 
The method presented below, which is based on the application of electric fields, allows a system to be created for the 
accurate and reliable measurement of the dispersal range of splashed raindrops. These splashed raindrops contain the 
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spores, hence transmitting the infection to higher parts of the plant as well as to neighboring plants. 
2. Application of an electric field to determine the trajectory and range of droplet splatter 
If a drop of water lands on an electrode set to a suitable potential, then during the moment of splash the electrode 
charge will be transferred to the drop, and the products of the splatter will carry this charge away. However, such an 
assumption contains a number of doubts in terms of the practical feasibility of achieving a measurement. Water is a 
compound with highly variable physiochemical and electrical properties. Although ideally pure water has a very low 
electrical conductivity and acts as an insulator, even the smallest amount of added impurity causes a very large increase 
in conductivity, resulting in the water acting as a conductor. In other words, the water found in raindrops is a liquid 
of high electrical conductivity. 
3. Study methodology 
The generated drops strike the ground (the base electrode) with a high electric potential, and are charged by the 
electric field during the splatter process. This process produces water drop disintegration, forming a whole array of 
splatter particle sizes. When these splatter products come into contact with the base electrode, they accumulate a 
charge; later, as charged products, they are captured by the measuring electrode, which intercepts their electrical 
charge. A substitute circuit diagram and measuring system – a charged droplet being intercepted by an electrode is 
shown in Fig. 1. 
Fig. 1.Equivalent circuitof the measuring system 
 
This diagram shows the course of the electrical processes that occur as a result of raindrops falling and interacting 
with the measuring system. 
The Ck capacitor, with voltage value Vk, and the Rk resistor represent the capacity relative to the ground and the 
resistance of the charged droplets. Closing of the SW switch reflects the moment of contact between the droplet and 
the receiving (measuring) electrode, and its discharge by a signal amplifier input circuit. The actual signal amplifier, 
along with the collecting electrode, on the substitute diagram represents a non-inertial K amplifier with infinite input 
impedance, with Ri and Ci elements attached to the input, forming the input resistance and capacitance as observed 
from the collecting electrode. In the above circuit, the instantaneous value of capacitor discharge i(t) is equal to (1) 
(Krakowski, 1995, Sikora, 1998): 
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i
iu t dui t C
R dt
           (1) 
149 Marek Kuna-Broniowski et al. /  Agriculture and Agricultural Science Procedia  7 ( 2015 )  146 – 151 
 
In accordance with the principle of charge conservation, the charge accumulated on the droplets causes a flow of 
current i(t) which is equal to (2) (Kuna-Broniowski, 1995) 
 
0
it
iQ i t dt ³           (2) 
As a result of the experiments forming part of this study, it was observed that charge variations greatly influence 
the function of the droplet weight and therefore can be used to measure the mass of the splattered raindrops. The 
relationship between droplet mass and its charge can contribute to the improved measurement accuracy of plantation 
biohazard since there is a positive correlation between the amount of Septorianodorum spores transmitted via droplets 
and their mass (Brennan , 1985), and the same is true for other pathogens (Fatemi&Fitt, 1983). 
Because the relationship between the droplet mass and the electrical charge it carries is of fundamental importance 
for the practical use of this measurement method, a virtual computer instrument was constructed specifically for the 
purpose. This instrument allows one to measure the electric charge of the individual raindrops that form as a result of 
dispersal. The method developed enabled the measurement of the diameter of the dispersed drops that reached the 
measuring electrode. Therefore it was possible to correlate Q = f(m) even for the smallest droplet diameters that are 
formed as a result of water splash. 
 
Table 1. Measurement results showing droplet diameters and their charges. 
Diameter [mm] Charge [C] 
0.15 6.739E-12 
0.15 9.288E-12 
0.10 1.013E-11 
0.15 1.112 E-11 
0.25 2.015 E-11 
0.20 1.277 E-11 
0.273 1.734 E-11 
0.50 1.909 E-11 
0.25 2.015 E-11 
0.35 2.042 E-11 
0.35 2.046 E-11 
0.60 2.290 E-11 
0.65 2.337 E-11 
0.60 2.378 E-11 
 
By the means of the above equipment, a series of experiments was conducted to determine the relationship between 
droplet size resulting from the splatter and the electric charge that is returned. The diameter of the receiving electrode 
was reduced to a size of about 5 mm and the water in the dispenser was coloured. Each time a charged droplet touched 
the electrode it was shown on the screen, and the droplet charge was measured and saved in a file. At the same time 
the droplet diameter was measured optically by a measuring microscope. The measurement results and the calculated 
statistical relationship between droplet mass and carried electric charge are given below. 
Based on the calculated sample characteristics it can be concluded that the correlation between the returned charge 
and the diameter is very strong (rxy=0.942). Thus, there is a very high charge variability (39.278%), of which 
approximately 90% is the result (rxy2 = 0.887) of the huge variation in diameter (51.178%). Therefore the hypothesis 
that large charge variations occur due to random losses when the droplets are splattered can be rejected. Thus, the 
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known relationship between droplet diameter and the charge carried by non-conductive liquid droplets can also be 
adapted and used in research using droplets to investigate the phenomenon of spore spreading. 
 
Table 2. Regression analysis. 
 The regression coefficientb Free terma 
value 3.00E-11 9.083E-12 
standard error 1,829E-12 1.339E-12 
correlation r2 0.887 3.468E-12 
test F, freedom degrees 203.143 26 
SS regression, SS residues 2.443E-21 3.127E-22 
 
The least squares method was used to fit a straight line that described the relationship between droplet diameter 
and carried electric charge. 
 
  3.00 11   9.083 12y E x E     
      (3) 
 
Then the F-Snedecor test was used to check the confidence level of the model, and the value achieved was F0 = 
203.143, which argues in favour of the hypothesis of good fit for this model 
 
Fig.2. A plot of charge and droplet diameter - a linear relationship. 
 
4. Conclusions 
The studies and analysis show that the method using electric fields to determine the droplet size enabled the size 
to be measured of the splattered droplets that form when raindrops hit the ground. By placing a measuring electrode 
within a suitable range it is possible to determine the range of raindrop dispersal. It is crucial to build a correct and 
multivariate model of Septoria epidemic development, especially for cereal infections. By determining the relationship 
between the size of the droplet and its electrical charge it is also possible to determine the minimum droplet size 
necessary to transfer infective spores. Raindrops that are too small, and such drops are also produced in large quantities 
when the droplets reach the ground, are not able to move a spore from the infected area to a healthy site as their size 
is too small (smaller than the spore dimensions). Droplets which are too small are therefore irrelevant to the forecasting 
model and can be easily eliminated in the measuring procedure by setting the sensitivity of the apparatus at the required 
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level in order to discriminate measurement signals from droplets that are too small 
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